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W Boson Mass Measurement

» Loop-level expression for the predicted W mass in terms of other known
quantities:
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History of M, Measurements

Carried out at several colliders
90_— 80.6—

= A UA1 | CDF

85— éor ¢

m,, (MeV)
3
——
my, (MeV)
&
.—.—-
L

80 B ® o o 80.4 00
B @
- 80.3/-
[N Y NS N T TN SN SN AN SO T TR T S N 80 2 i | I T T S T AR T T R T T S
1990 2000 2010 “ 2000 2005 2010 2015
Year Year

World average currently dominated by Tevatron

Oliver Stelzer-Chilton TRIUMF - 3



Standard Model Constraints

» The direct measurement of the Higgs boson mass has provided the last missing
parameter defining the electroweak sector |n the SIVI
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New Physics Constraints from EWK Precision

« New physics that contributes to the precision electroweak observables
(loop corrections to the gauge-boson self-energies) can be generally
described by the S, T, U oblique parameters

« Radiative corrections due to new physics

 The S and T parameters absorb contributions to the neutral and to the
difference between neutral and charged weak currents, respectively.

arXiv:1407.3792v1 Eur. Phys. J. C (2012) 72:2003

|— 0.5 [T TT I T TTT | T TT I T TTT | T TT I T T TT | T TT I T T TT T TT T T TT Warped EXtra DimenSion

— h 0.5 LT TTT | T TTT | TTTT | LI | LI | LN LI T TTT T T T TT
= fit contours for U=0 (SM_: M,=125 GeV, m =173 GeV) = -
0.4 = [l 68% and 95% CL for present fit 0.4 —
0.3 = 95% CL for asymmetries & sinze'eﬂ(QFB) E 3
= 95% CL for Z widths = 03 =
— % — = -
0.2 F Bl 05% CL for My, & Iy, = 02— e My=10TeV —
0.1 — 1 E m My=3TeV =
= = 0. E A M= 2TeV 3
0F = 0 (M, =250GevV) =
0.1 — 01F My < [0.5, 10] TeV_S
= o - T E L €[5, 37] -
02 E SM Prediction 7 - -
: My = 1133;2 f 3.9214 ge\\l/ - -0.2 — 68%, 95%, 99% CL fit contours —
m, =173.54 = 0.91 Ge - E (M, =120GeV, m =173 GeV, U =0) -
03 =4 035 W Lira 10001 GeV =
- = m, = 173.3 + 1.1 GeV =
-0.4 = .04F —
-0.5 ' Lo b b L e SRS P I I B N B ! | oy

05 -04 -03 -02 -01 0 01 02 03 04 05 ™Hp5 04 03 02 -01 0 01 02 03 04 O
S

Oliver Stelzer-Chilton . T®ROMWF | 5



Measurements

precise charged lepton measurement
is the key (achieved ~0.01%)

INITIAL STATE RADIATION (aka RECOIL)

b ‘ - BOTH QCD AND QED
o S -TOPT(W) >0
Undetlying evert e, q l/
wTt
PILEUP/UE

Recoil measurement allows Y |FINAL STATE QED
inference of neutrino E;
(restricted to u<15 GeV) PDFs e or [

Use Z—uu and Z—ee events to derive recoil model
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Lepton Energy Scale
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CDF Momentum Scale

“Back bone” of CDF analysis is track p; measurement in drift chamber (COT)
Calibrate momentum scale using samples of dimuon resonances (J/ ¢, Y, Z)
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CDF Energy Scale

Transfer momentum calibration to calorimeter using E/p
distribution of electrons from W decay by fitting peak of E/p
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E/p also used to constrain calorimeter
non-linearity
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DO Energy Scale
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CDF Z Boson Masses

» Perform blinded measurement of Z mass using derived scales from independent
samples

e Comparison to PDG value is a powerful cross-check of the calibration
 After unblinding, M, added as further calibration to both p- and E-scales
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CODF II f Ldt=2.21b" CDF Il f Ldt=22 b
>
B Q
S 1000 it * Data
4000 M, = (91180 = 12,,,)) MeV JJJ“ ‘H 3 | my=(91230=30,) Mev fﬁ . ~ Simulation
n i) o 4
- x*/dof =30/3 § > x?/dof = 42 /38 [ LH
4
J‘ - !
2000— 7 500
Z masses Iﬂ‘ good lagreement f( W'L
!  with PDG (91185 =2 MeV) ;|
B Lf"' "o, l : M‘r’p t]'ﬁ%
I e T i e SO R , 1
% 80 90 o (Ge‘})“’ % — 80 %0 WM(
iyt m,, (GeV)

Include Z— Il masses for final momentum scale and energy scale

Oliver Stelzer-Chilton - ®VUWF 1



Hadronic Recoil

Recoil definition:
— Energy vector sum over all
calorimeter towers, excluding:

- lepton towers

 Measured recoil:
- hard recoil from initial state QCD in W/Z event
- underlying event/spectator interaction energy

e Calibrate detector response and resolution using Z
and minimum-bias data

e Validate using measured recoil in W events
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Recoil Response

Similar calibration samples and procedures between DO and CDF
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Signal Simulation

Generator-level input for W&Z simulation provided by RESBOS
[Balazs et.al. PRD56, 5558 (1997)1

q Y
]
w ™~ PHOTOS
Multiple radiative photons from PHOTOS
RESBOS\ o (P. Golonka et.al., Eur. J. Phys. C 45, 97 (2006)
q A%

Custom fast simulation makes smooth, high statistics templates

x10°

Extract the W mass
from fit to:

m;, pr and EMiss
distributions in muon
and electron decay
channel

MC template: Mw=80 GeV |

2000 MC template: Mw=81 GeV |
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Transverse mass fits
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Uncertainty DO CDF
Lepton energy scale/resn/modelling 17 7
Hadronic recoil energy scale and resolution 5 6 |
Backgrounds 2 3
Parton distributions 11 10

QED radiation 7 4 —T>
pr(W) model 2 5

Total systematic uncertainty 22 15
W-boson statistics 13 12
Total uncertainty 26 MeV | 19 MeV

Largely stat.
in origin
10 MeV

Largely theory
in origin
12 MeV
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World Average

Mass of the W Boson

Measurement M, [MeV]

CDF-0/1 B 80432 + 79
DO-| . 80478 + 83
DIl tow) e 80402 + 43
CDF-Il 22w 3 80387 + 19
D2-Il w3 .- 80369 + 26
Tevatron Run-O//ll @ 80387 + 16
LEP-2 —e— 80376 + 33
World Average - 80385 + 15

80200 80400 80600
M,, [MeV] March 2012

Tevatron Run-Il has
halved the Mw
uncertainty




Going Below 15 MeV at the Tevatron

B 200 pb ' Error

30

B 2.2 Error

20

] Stats

PDF

Error (MeV)

Lepton Scale

= Lepton Resn

Recoil Resn

I [ [ | I | [ I I I I [ [ [ I I [

Lepton Removal

= Background
p— ) (1)
QED

= Recoil Scale

Oliver Stelzer-Chilton TRIUMF - 18



=
=
o
o
>
v
=
L0
—
=
=
v
]
o)
=
o
(D)

rh
a =
a .S
(¢
—

o T
v 3
e
S
<3
S O
c <
eII
o 3
L -
© o
SVI
<5}
M.m
S o
(@ I
= O
e ©
(D)
E3ke))
c o
5
o £
ml
S &
nt
o w
]
5 ©
v >
- 9
eII
==
i
O=

wn
-
(@)
-+
(&
QL
=
c
(B}
=2
(B}
T
7p)
=
e
c
T
o
L
-
(&)
=
=
=
e
(B}
'}
T
=
1)
-
L

) \\\\\\

: I//// /4

...........................................

___________%_____________

20
Eigenvector

19

18

(z9/A3N) M ¥

Tevatron and LHC measurements that

can further constrain PDFs:

Z boson rapidity distribution
W boson charge asymmetry
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PDF’s at LHC

At LHC (unlike TeV) significant contribution from “'cs” production.

Affects:
- acceptance via rapidity and kinematic cuts
- contribution to p;(W) (m; mass)

40 .

s | b Constraints from W and Z data
S 0F £ will reduce uncertainty of course
Yz ool E

= 201 ]

< 10} E

S B i f Unique f d t f
ob L 1 W .‘ ] 1 nique forward acceptance o
i Sl LHCb can potentially allow for

10 ‘ E significant reduction for ATLAS
-20}- - and CMS through anti-correlation
30} 20 MeV j arXiv:1508.06954v1

40w N T P P P

| e
02468101214161820
CTEQ61 PDF member
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Conclusions

Program of precision physics with W and Z bosons well established

o 10 prrTT T T T =
Tevatron currently leading precision ) :: :
measurements of W boson mass, 43 E
10 MeV measurement possible 5: E
LHC, lot’s of W’'s and Z’s, systematics is key! :— E
Constraints on PDF’s critical S5 5055 G054 0.8 5036 8037 8036 8030 44 S0t

M,, [GeV]
EW precision measurements in a good 50

agreement with 125 GeV Higgs boson E
SM over-constrained - constraints New Physics U S A A 1"
FebNG g
Indirect m, uncertainty 8 MeV needs to Ty i
be matched with direct measurement N i
080 33 80.34 80. 1;5 80‘36' 8(.:1'3'7I I.éoi3l8I‘I é()i3I9I I I8(1).410

Improve indirect measurements: m,,,, HO corrections, ... W [GeV]
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